wo 2017/052961 A 1[I I 000 OO O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date
30 March 2017 (30.03.2017)

(10) International Publication Number

WO 2017/052961 A1l

WIPOIPCT

(51) International Patent Classification:
HO4L 12/26 (2006.01) HO4L 12/841 (2013.01)

(21) International Application Number:

PCT/US2016/048598

(22) International Filing Date:

25 August 2016 (25.08.2016)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
14/866,559 25 September 2015 (25.09.2015) Us

Applicant: INTELL. CORPORATION [US/US]; 2200
Mission College Boulevard, Santa Clara, California 95054

(US).

Inventors: FLAJSLIK, Mario; 77 Reed Road, Hudson,
Massachusetts 01749 (US). DINAN, James; 75 Reed
Road, Hudson, Massachusetts 01749 (US).

Agent: KELLETT, Glen M.; BARNES & THORNBURG
LLP, ¢c/o CPA Global, P.O. Box 52050, Minneapolis, Min-
nesota 55402 (US).

1

(72

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: TECHNOLOGIES FOR NETWORK ROUND-TRIP TIME ESTIMATION

(57) Abstract: Technologies for estimating

108 network round-trip times include a sender

o __/I computing node in network communication

10 i with a set of neighboring cqmputing nodes.
\ TARGET TARGET A The sender computing node is configured to
v COMPUTING : determine the set of neighboring computing

NODE (2) TARGET i nodes, as well as a plurality of subsets of the

Cﬂ“ggg'a’\;(; i set of neighboring compl}ting nodes. Accord-

i ingly, the sender computing node generates a

g T e E message queue for each of the plurality of
— : subsets, each message queue including a

ConPTG TARGET i probe message for each neighboring node in
NODE COMPUTING 1 the subset to which the message queue cor-
NODE ¢4) i responds. The sender computing node is fur-

' ther configured to determine a round-trip

""""""""""""""""""""""""""" : time for each message queue (i.e., subset of

o1 18 neighboring computing nodes) based on a

duration of time between the first probe mes-

TARGET TARGET '\ sage of the message queue being transmitted

cgggg'{u«)@ C%EET(';;G o6 and an acknowledgment being received in re-

sponse to the last probe message of the mes-

sage queue being transmitted. Additionally,

FIG. 1 the sender computing node is configured to

sage queue. Other embodiments are described and claimed.

estimate a round-trip time for each of the
neighboring computing nodes based on the
round-trip times determined for each mes-



WO 2017/052961 PCT/US2016/048598

TECHNOLOGIES FOR NETWORK ROUND-TRIP TIME ESTIMATION
CROSS-REFERENCE TO RELATED U.S. PATENT APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application
Serial No. 14/866,559, entitled “TECHNOLOGIES FOR NETWORK ROUND-TRIP TIME
ESTIMATION,” which was filed on September 25, 2015.

BACKGROUND

[0002] Modern computing devices have become ubiquitous tools for personal,
business, and social uses. As such, many modern computing devices are capable of
connecting to various data networks, including the Internet and corporate intranets, to
transmit and receive data communications over the various data networks at varying rates of
speed. To facilitate communications between computing devices, the data networks typically
include one or more computing nodes (e.g., network switches, network routers, servers, other
compute and/or store computing devices, etc.) to route communications (i.e., network
packets) from a source computing device to a destination computing device. Certain network
infrastructures, such as data centers, may include tens of thousands or more of such
computing nodes. To handle such large network infrastructures, adaptive routing
technologies have evolved using topology information of the network infrastructure.
Traditional methods to determine the topology of the network infrastructure may include one
or more of the computing nodes identifying neighboring computing nodes (e.g., those
computing nodes that are one hop from the identifying computing node) using static topology
information, which cannot typically be applied to the adaptive routing technologies.

[0003] Accordingly, round-trip times between computing nodes can be used to
augment the topology information and provide a better view of the network as a whole.
Network round-trip time estimation has been extensively studied and implemented in the
context of transmission control protocol (TCP) (e.g., Karn’s algorithm), where round-trip
time is a critical measurement that establishes protocol timeout values. In support of such
round-trip time estimation, some network hardware (e.g., Ethernet network cards) can
provide timestamps in hardware. However, in high-performance computing devices, such
capabilities are not always available (i.e., the hardware is not capable of providing
timestamps). To overcome the timestamp deficiency, some implementations use a software

ping-pong benchmark to estimate round-trip times. However, such methods generally
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introduce software overhead attributable latencies that can be an order of magnitude larger

than the network latency being measured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The concepts described herein are illustrated by way of example and not by
way of limitation in the accompanying figures. For simplicity and clarity of illustration,
elements illustrated in the figures are not necessarily drawn to scale. Where considered
appropriate, reference labels have been repeated among the figures to indicate corresponding
or analogous elements.

[0005] FIG. 1 is a simplified block diagram of at least one embodiment of a system
for estimating network round-trip times that includes one or more computing nodes
communicatively coupled over a network;

[0006] FIG. 2 is a simplified block diagram of at least one embodiment of the sender
computing node of the system of FIG. 1;

[0007] FIG. 3 is a simplified block diagram of at least one embodiment of an
environment that may be established by the sender computing node of FIGS. 1 and 2;

[0008] FIGS. 4 and 5 are a simplified flow diagram of at least one embodiment of a
method for estimating network round-trip times that may be executed by the sender
computing node of FIGS. 1 and 2; and

[0009] FIG. 6 is a simplified block diagram of at least one embodiment of a message
flow for determining a round-trip time for a subset of neighboring computing nodes of the

system of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way
of example in the drawings and will be described herein in detail. It should be understood,
however, that there is no intent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents,
and alternatives consistent with the present disclosure and the appended claims.

PR RT3

[0011] References in the specification to “one embodiment,” “an embodiment,” “an
illustrative embodiment,” etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may or may not

necessarily include that particular feature, structure, or characteristic. Moreover, such
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phrases are not necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an embodiment, it is
submitted that it is within the knowledge of one skilled in the art to effect such feature,
structure, or characteristic in connection with other embodiments whether or not explicitly
described. Additionally, it should be appreciated that items included in a list in the form of
“at least one of A, B, and C” can mean (A); (B); (C): (A and B); (A and C); (B and C); or (A,
B, and C). Similarly, items listed in the form of “at least one of A, B, or C” can mean (A);
(B); (C): (A and B); (A and C); (B and C); or (A, B, and C).

[0012] The disclosed embodiments may be implemented, in some cases, in hardware,
firmware, software, or any combination thereof. The disclosed embodiments may also be
implemented as instructions carried by or stored on one or more transitory or non-transitory
machine-readable (e.g., computer-readable) storage media (e.g., memory, data storage, etc.),
which may be read and executed by one or more processors. A machine-readable storage
medium may be embodied as any storage device, mechanism, or other physical structure for
storing or transmitting information in a form readable by a machine (e.g., a volatile or non-
volatile memory, a media disc, or other media device).

[0013] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, in some embodiments, such
features may be arranged in a different manner and/or order than shown in the illustrative
figures. Additionally, the inclusion of a structural or method feature in a particular figure is
not meant to imply that such feature is required in all embodiments and, in some
embodiments, may not be included or may be combined with other features.

[0014] Referring now to FIG. 1, in an illustrative embodiment, a system 100 for
estimating network round-trip times includes a sender computing node 102 communicatively
coupled to multiple target computing nodes 106 over a network 104. In use, the sender
computing node 102 transmits messages (e.g., network communications, network packets,
etc.) to one or more of the target computing nodes 106 and receives messages {from one or
more of the target computing nodes 106. As shown in FIG. 1, the illustrative target
computing nodes 106 include a target computing node 110, designated as target computing
node (1), another target computing node 112, designated as target computing node (2),
another target computing node 114, designated as target computing node (3), another target
computing node 116, designated as target computing node (4), another target computing node

118, designated as target computing node (5), and another target computing node 120,
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designated as target computing node (N) (i.e., the “Nth” target computing node, wherein “N”
is a positive integer and designates one or more additional target computing nodes).

[0015] The sender computing node 102 is configured to determine which of the target
computing nodes 106 can be identified as neighboring computing nodes. To determine
which of the target computing nodes 106 can be identified as neighboring computing nodes,
as will be described below, the sender computing node 102 may use one or more criteria
(e.g., from a policy) to determine which of the target computing nodes 106 can be identified
as neighboring computing nodes 108. As shown in FIG. 1, the neighboring computing nodes
108 include the target computing node 110, the target computing node 112, the target
computing node 114, and the target computing node 116 (i.e., a portion of the target
computing nodes 106). Based on the determined set of neighboring computing nodes 108,
the sender computing node 102 can determine multiple subsets of the set of neighboring
computing nodes 108 (e.g., a number of subsets that each includes at least a portion of the
target computing nodes 106). For example, the number of subsets of the set of neighboring
computing nodes 108 may be equal to one more than the total number of neighboring
computing nodes in the set of neighboring computing nodes 108, in some embodiments.
[0016] For each of the subsets of the set of neighboring computing nodes 108, a
series of small (e.g., O bytes in size) probe messages (e.g., “put” messages) are generated and
queued in a message queue (e.g., in hardware of the sender computing node 102). Each of
the probe messages are configured to elicit a response message (i.e., an acknowledgment)
from a corresponding one of the neighboring computing nodes 108 in the subset designated
by the message. In use, as will be described further below, the sender computing node 102
utilizes a timer (e.g., a software-based timer) and a counter (e.g., a hardware-based counter)
to control the transmission of the probe messages and receipt of the acknowledgment
messages, the results of which can be used to estimate round-trip times between the sender
computing node 102 and the neighboring computing nodes 108.

[0017] The sender computing node 102 may be embodied as any type of computation
or computing device capable of performing the functions described herein, including, without
limitation, a server (e.g., stand-alone, rack-mounted, blade, etc.), a network appliance (e.g.,
physical or virtual), a web appliance, a distributed computing system, a processor-based
system, a multiprocessor system, a smartphone, a mobile computing device, a tablet
computer, a laptop computer, a notebook computer, and/or any other
computing/communication device. As shown in FIG. 2, the illustrative sender computing

node 102 includes a processor 202, an input/output (I/O) subsystem 204, a memory 206, a
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data storage device 208, communication circuitry 210, a clock 214, and a round-trip
estimation engine 216. Of course, the sender computing node 102 may include other or
additional components, such as those commonly found in a server (e.g., various input/output
devices), in other embodiments. Additionally, in some embodiments, one or more of the
illustrative components may be incorporated in, or otherwise form a portion of, another
component. For example, the memory 206, or portions thereof, may be incorporated in the
processor 202 in some embodiments. Further, in some embodiments, one or more of the
illustrative components may be omitted from the sender computing node 102.

[0018] The processor 202 may be embodied as any type of processor capable of
performing the functions described herein. For example, the processor 202 may be embodied
as a single or multi-core processor(s), digital signal processor, microcontroller, or other
processor or processing/controlling circuit. Similarly, the memory 206 may be embodied as
any type of volatile or non-volatile memory or data storage capable of performing the
functions described herein. In operation, the memory 206 may store various data and
software used during operation of the sender computing node 102 such as operating systems,
applications, programs, libraries, and drivers.

[0019] The memory 206 is communicatively coupled to the processor 202 via the I/O
subsystem 204, which may be embodied as circuitry and/or components to facilitate
input/output operations with the processor 202, the memory 206, and other components of
the sender computing node 102. For example, the I/O subsystem 204 may be embodied as,
or otherwise include, memory controller hubs, input/output control hubs, firmware devices,
communication links (i.e., point-to-point links, bus links, wires, cables, light guides, printed
circuit board traces, etc.) and/or other components and subsystems to facilitate the
input/output operations. In some embodiments, the I/O subsystem 204 may form a portion of
a system-on-a-chip (SoC) and be incorporated, along with the processor 202, the memory
206, and other components of the sender computing node 102, on a single integrated circuit
chip.

[0020] The data storage 208 may be embodied as any type of device or devices
configured for short-term or long-term storage of data such as, for example, memory devices
and circuits, memory cards, hard disk drives, solid-state drives, or other data storage devices.
The data storage 208 and/or the memory 206 may store various data as described herein,
including operating systems, applications, programs, libraries, drivers, instructions, etc.,
capable of being executed by a processor (e.g., the processor 202) of the sender computing

node 102.
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[0021] The communication circuitry 210 may be embodied as any communication
circuit, device, or collection thereof, capable of enabling communications between the sender
computing node 102 and other remote devices (e.g., the neighboring computing nodes 108)
over a network (e.g., the network 104). The communication circuitry 210 may be configured
to use any one or more communication technologies (e.g., wireless or wired communication
technologies) and associated protocols (e.g., Ethernet, Bluetooth®, Wi—Fi®, WiMAX, LTE,
5G, etc.) to effect such communication. In some embodiments, the communication circuitry
210 is configured to perform high-speed communication (e.g., in a high performance
compute (HPC) cluster) with other computing devices (e.g., the neighboring computing
nodes 108).

[0022] The illustrative communication circuitry 210 may be embodied as, or
otherwise include, a network interface controller (NIC) 212. The NIC 212 may be embodied
as one or more add-in-boards, daughtercards, network interface cards, controller chips,
chipsets, or other devices that may be used by the sender computing node 102. For example,
in some embodiments, the NIC 212 may be integrated with the processor 202, embodied as
an expansion card coupled to the I/O subsystem 204 over an expansion bus (e.g., PCI
Express), part of an SoC that includes one or more processors, or included on a multichip
package that also contains one or more processors.

[0023] It should be appreciated that, in some embodiments, at least a portion of the
functions of the round-trip estimation engine 216 as described herein may be included on or
performed by the NIC 212. In other words, in some embodiments, the round-trip estimation
engine 216 may be embodied as hardware circuitry of the NIC 212. As such, it should be
further appreciated that, in such embodiments, the NIC 212 may include a processor (not
shown) and/or a memory (not shown) that are local to the NIC 212. In such embodiments,
the processor of the NIC 212 may be capable of performing the offloaded functions as
described herein. Additionally or alternatively, in such embodiments, the memory of the
NIC 212 may be capable of storing data locally, such that a state change of the sender
computing node 102 is not affected (i.e., no software latency introduced).

[0024] The clock 214 may be embodied as any software, hardware component(s),
and/or circuitry from which a duration of elapsed time can be determined therefrom and
otherwise capable of performing the functions described herein. For example, in the
illustrative embodiment, the clock 214 may be implemented via an on-chip oscillator. In
some embodiments, the clock 214 may be shared (e.g., multiple distributed clocks being

generally synchronized using a synchronization protocol).
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[0025] The round-trip estimation engine 216 may be embodied as any software,
hardware component(s), and/or circuitry capable of estimating network round-trip times
between the sender computing node 102 and the neighboring computing nodes 108, as well
as performing any of the other functions described herein. The round-trip estimation engine
216 may be configured to establish a message queue in hardware that is capable of storing
probe messages, each of which can be sent to a different one of each of the neighboring
computing nodes in a particular subset.

[0026] The round-trip estimation engine 216 may use the clock 214 to determine a
duration of elapsed time, such as the amount of elapsed time between transmission of a first
probe message of the message queue and receipt of the last acknowledgment in response to
the last probe message of the message queue. The round-trip estimation engine 216 may be
further configured to implement a counter that is capable of being incremented when each
acknowledgment is received in response to the probe messages of the message queue.
Accordingly, to determine whether to stop the clock 214, the round-trip estimation engine
216 can compare the counter (i.e., a value of the counter) to the number of initial probe
messages generated for the message queue (i.e., the number of neighboring computing nodes
in that particular subset).

[0027] Referring again to FIG. 1, the network 104 may be embodied as any type of
wired or wireless communication network, including cellular networks (e.g., Global System
for Mobile Communications (GSM), 3G, Long Term Evolution (LTE), Worldwide
Interoperability for Microwave Access (WiMAX), etc.), digital subscriber line (DSL)
networks, cable networks (e.g., coaxial networks, fiber networks, etc.), telephony networks,
local area networks (LANs) or wide area networks (WANs), global networks (e.g., the
Internet), or any combination thereof. Additionally, the network 104 may include any
number of may include additional computing devices (i.e., networking devices) (not shown),
physical and/or virtual, that may be commonly found in networks, such as servers, switches,
routers, access points, network controllers, etc. It should be appreciated that, in some
embodiments, the network 104 may be embodied as any type of parallel and/or distributed
computing architecture (e.g., a high performance computing (HPC) network architecture)
that is capable of high-speed, low-latency interconnectivity, such as a cluster computing
network architecture and/or a grid computing network architecture (e.g., a fabric computing
network architecture).

[0028] Similar to the sender computing node 102, each of the neighboring computing

nodes 108 may be embodied as any type of computation or computing device capable of

-7-



WO 2017/052961 PCT/US2016/048598

performing the functions described herein, including, without limitation, a server (e.g., stand-
alone, rack-mounted, blade, etc.), a network appliance (e.g., physical or virtual), a web
appliance, a distributed computing system, a processor-based system, a multiprocessor
system, a smartphone, a mobile computing device, a tablet computer, a laptop computer, a
notebook computer, and/or any other computing/communication device. Accordingly, it
should be appreciated that each of the neighboring computing nodes 108 may include similar
components to the illustrative sender computing node 102 of FIG. 2, which are not described
herein for clarity of the description.

[0029] Referring now to FIG. 3, in an illustrative embodiment, the sender computing
node 102 establishes an environment 300 during operation. The illustrative environment 300
includes a network communication module 308, a round-trip time estimation module 310,
and a job task scheduler module 322. Each of the modules, logic, and other components of
the environment 300 may be embodied as hardware, software, firmware, or a combination
thereof. For example, each of the modules, logic, and other components of the environment
300 may form a portion of, or otherwise be established by, the processor 202 or other
hardware components of the sender computing node 102. As such, in some embodiments,
one or more of the modules of the environment 300 may be embodied as a circuit or
collection of electrical devices (e.g., network communication circuitry 308, round-trip time
estimation circuitry 310, job task scheduler circuitry 322, etc.).

[0030] In the illustrative environment 300, the sender computing node 102 includes
neighboring computing node data 302, message queue data 304, and round-trip time data
306, each of which may be accessed by the various modules and/or sub-modules of the
sender computing node 102. It should be appreciated that the sender computing node 102
may include other components, sub-components, modules, sub-modules, circuitry, and/or
devices commonly found in a computing node of a network, which are not illustrated in FIG.
3 for clarity of the description.

[0031] The network communication module 308 is configured to facilitate inbound
and outbound network communications (e.g., network traffic, network packets, network
flows, etc.) to and from the sender computing node 102. To do so, the network
communication module 308 is configured to receive and process network packets from other
computing devices (e.g., the neighboring computing nodes108 and/or another computing
node communicatively coupled via the network 104).  Additionally, the network
communication module 308 is configured to prepare and transmit network packets to another

computing device (e.g., the neighboring computing nodes108 and/or another computing node
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communicatively coupled via the network 104). Accordingly, in some embodiments, at least
a portion of the functionality of the network communication module 308 may be performed
by the communication circuitry 210, and more specifically by the NIC 212.

[0032] The round-trip time estimation module 310 is configured to estimate network
round-trip times of the neighboring computing nodes 108 of the sender computing node 102.
It should be appreciated that at least a portion of the round-trip time estimation module 310
may be performed in hardware of the sender computing node 102, such as by the round-trip
estimation engine 216 of FIG. 2. To estimate network round-trip times of the neighboring
computing nodes 108, the illustrative round-trip time estimation module 310 includes a
neighboring computing node determination module 312, a message queue management
module 314, and a round-trip time estimation module 320.

[0033] The neighboring computing node determination module 312 is configured to
determine the neighboring computing nodes 108 of the sender computing node 102 (i.e., the
set of neighboring computing nodes 108) from the target computing nodes 106
communicatively coupled to the sender computing node 102 via the network 104, as well as a
number of subsets of the set of neighboring computing nodes 108. For example, the
neighboring computing node determination module 312 may determine, as shown in the
illustrative neighboring computing nodes 108 of FIG. 1, the neighboring computing nodes
108 include the target computing node 110, the target computing node 112, the target
computing node 114, and the target computing node 116. In some embodiments, data that
identifies which of the target computing nodes 106 communicatively coupled to the sender
computing node 102 have been identified as neighboring computing nodes may be stored in
the neighboring computing node data 302.

[0034] To make the determination, the neighboring computing node determination
module 312 may rely on a policy that instructs the neighboring computing node
determination module 312 on how to identify the set of neighboring computing nodes (i.e.,
the policy includes a predetermined criteria). The predetermined criteria may include any
type of data that can be used to identify a neighboring computing node, such as a number of
hops that the neighboring computing node is located in the network 104 from the sender
computing node 102, a distance between the computing nodes (i.e., the sender computing
node 102 and one of the target computing nodes 106), a region or geography assigned to the
computing nodes (i.e., the sender computing node 102 and one of the target computing nodes

106), etc.
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[0035] In furtherance of the previous example in which the illustrative set of
neighboring computing nodes 108 includes four neighboring computing nodes, as shown in
FIG. 1, the neighboring computing node determination module 312 may determine five
subsets (i.e., one more subset than the total number of neighboring computing nodes 108) of
neighboring computing nodes. For example, the first subset may include the target
computing node 110, the target computing node 112, and the target computing node 114.
The second subset may include the target computing node 112, the target computing node
114, and the target computing node 116. The third subset may include the target computing
node 110, the target computing node 112, and the target computing node 116. The fourth
subset may include the target computing node 110, the target computing node 114, and the
target computing node 116. The fifth subset may include the target computing node 110 and
the target computing node 116. It should be appreciated that, in some embodiments,
additional and/or alternative subsets may be used.

[0036] The message queue management module 314 is configured to generate a
message queue for each of the neighboring computing node subsets, such as those subsets
determined by the neighboring computing node determination module 312. To do so, the
message queue management module 314 generates a probe message (e.g., a 0-byte message,
a “put” message, a low-overhead probe message, etc.) for each neighboring computing node
of the message queue that is configured to elicit a response message (i.e., an
acknowledgment message) from the receiving computing node (e.g., one of the identified
neighboring computing nodes 108). It should be appreciated that, in some embodiments, the
neighboring computing nodes 108 may receive the probe message and generate the response
message in hardware to reduce round-trip latency and software overhead. Accordingly, in
such embodiments, the type of probe message transmitted from the sender computing node
102 may include an indication that the probe message is to be processed in such a manner.
[0037] In some embodiments, data related to the message queues (e.g., a state of the
message queue, an identifier of a logical or physical network interface associated with the
message queue, etc.) may be stored in the message queue data 304. It should be appreciated
that, in some embodiments, the generation of one message queue may be predicated upon
another message queue having completed transmission of all the probe messages of the
message queue. In other words, the different message queues (i.e., for each of the subsets of
the set of neighboring computing nodes 108) may be generated at different times subject to

the completion of another message queue.
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[0038] The message queue management module 314 is further configured to manage
the transmission of each probe message from the queue. To do so, the message queue
management module 314 is configured to start a timer (e.g., using the clock 214 of FIG. 2)
when the message queue includes probe messages for each neighboring computing node in
the neighboring computing node subset and the first probe message is transmitted to one of
the neighboring computing nodes 108, as designated by the probe message. Additionally, the
message queue management module 314 is configured to receive a response message (i.€., an
acknowledgment message) from the neighboring computing node that was designated by the
most recently transmitted probe message.

[0039] When the response message is received, the message queue management
module 314 is configured to increment a counter and determine whether the counter is equal
to the number of neighboring computing nodes of the subset of neighboring computing
nodes. Upon comparing the value of the counter to the number of neighboring computing
nodes of the subset, the message queue management module 314 can either send another
probe message from the message queue (e.g., when the counter is determined to be less than
the number of neighboring computing nodes of the subset) or stop the timer (e.g., when the
counter is determined to be equal to the number of neighboring computing nodes of the
subset). It should be appreciated that, in some embodiments, the counter may be
implemented in hardware to reduce the latency associated with software implementations. It
should be further appreciated that, in some embodiments, the message queue management
module 314 may perform one or more of the functions described herein using a counter
management module 316 for managing the counter and/or a timer management module for
managing the timer.

[0040] The round-trip time estimation module 320 is configured to estimate round-
trip times for each of the neighboring computing nodes. To do so, the round-trip time
estimation module 320 may generate an equation for each of the subsets of neighboring
computing nodes. The round-trip time estimation module 320 may further estimate the
round-trip times after a minimum number of equations have been generated. For example, in
furtherance of the previous example and illustrated in FIG. 6, the first subset includes the
target computing node 110, the target computing node 112, and the target computing node

114. The resulting equation may be generated according to the following:

Sw + RTT]_]_O + RTT]_]_Z + RTT114 = m1
Equation 1
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wherein sw corresponds to a software overhead attributable to starting and stopping the
clock; RTT;,o corresponds to a round-trip time of the target computing node 110; RTT;4,
corresponds to a round-trip time of the target computing node 112; RTT;44 corresponds to a
round-trip time of the target computing node 114; and m, corresponds to a duration of time
to transfer the probe messages and receive acknowledgments for each of the neighboring
computing nodes of the first subset.

[0041] Referring now to FIG. 6, an illustrative message flow 600 for determining a
round-trip time for a subset of neighboring computing nodes includes the sender computing
node 102 and the neighboring computing nodes 108 of FIG. 1. At step 602, the sender
computing node 102 starts a timer. It should be appreciated that, in some embodiments,
software logic may be employed to manipulate the timer (e.g., the clock 214 of FIG. 2),
which may introduce overhead (i.e., latency) attributable to the running of the software. At
step 604, the sender computing node 102 transmits a probe message to the target computing
node 110. At step 606, the sender computing node 102 receives a probe acknowledgment
(i.e., a response message) in response to the probe message from the target computing node
110. At step 608, the sender computing node 102 increments a counter and determines
whether the counter matches the number of neighboring computing nodes of the subset. At
step 610, the sender computing node 102 transmits a probe message to the target computing
node 112. At step 612, the sender computing node 102 receives a probe acknowledgment
(i.e., a response message) in response to the probe message from the target computing node
112. At step 614, the sender computing node 102 increments a counter and determines
whether the counter matches the number of neighboring computing nodes of the subset. At
step 616, the sender computing node 102 again transmits a probe message to the target
computing node 114. At step 618, the sender computing node 102 again receives a probe
acknowledgment (i.e., a response message) in response to the probe message from the target
computing node 114. At step 620, the sender computing node 102 increments a counter and
determines whether the counter matches the number of neighboring computing nodes of the
subset. At step 622, the sender computing node stops the timer, which may introduce
additional software latency.

[0042] Upon completion of the initial group of subsets of the neighboring computing
nodes 108, as described previously, the following linear system of equations may be

established:
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[0043]
sw+ RTTyq0 + RTTy15 + RTT 14 =m
sw + RTTi1 + RTT 14 + RTT 16 =m,
sw+ RTTiq9 + RTTi14 + RTT 16 = mg3
sw+ RTTy10+ RTTi12 + RTT 16 =my
sw + RTT;9110 RTT 14 =ms
Equation 2

wherein RTT;,¢ corresponds to a round-trip time of the target computing node 116; and m,
corresponds to a duration of time to transfer the probe messages and receive
acknowledgments for each of the neighboring computing nodes of the “Xth” subset (i.e., the
first through the fifth subsets). As a result, the round-trip time estimation module 320 may
be configured to solve the set of linear equations (e.g., using the standard least squares
method) as illustrated in Equation 2 to estimate round-trip times for each of the neighboring
computing nodes 108, as well as estimate the software overhead. In some embodiments, the
equations, the resulting round-trip time estimations, and/or the estimated software overhead
duration may be stored in the round-trip time data 306.

[0044] Additionally, in some embodiments, the round-trip time estimation module
310 may be configured to dynamically update the estimated round-trip times. In such
embodiments, the round-trip time estimation module 320 may be further configured to
provide an indication to the message queue management module 314 that indicates the
round-trip times have been estimated. Accordingly, in such embodiments, the message
queue management module 314 may be configured to generate a new subset of the
neighboring computing nodes in response to receiving the indication, which can be used to
further refine and/or update the estimated round-trip times. Of course, in other embodiments,
it should be appreciated that the message queue management module 314 may be configured
to generate the new subset of the neighboring computing nodes automatically, such as after a
predetermined period of time.

[0045] The job task scheduler module 322 is configured to schedule job tasks. To do
s0, in some embodiments, the job task scheduler module 322 may be configured to schedule
the job tasks based at least in part on the estimated round-trip times as determined by the
round-trip time estimation module 310. In such embodiments, the job task scheduler module
322 is configured to establish a static view of the network 104 based on the estimated round-

trip times. Further, the job task scheduler module 322 may be configured to determine which
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job tasks to schedule at which neighboring computing nodes based on the static view of the
network 104.

[0046] Referring now to FIGS. 4 and 5, in use, the sender computing node 102 may
execute a method 400 for estimating network round-trip times of the neighboring computing
nodes (e.g., the neighboring computing nodes 108 of FIG. 1). It should be appreciated that at
least a portion of the method 400 may be offloaded to and executed by the round-trip
estimation engine 216 of the sender computing node 102. The method 400 begins with block
402, in which the sender computing node 102 determines the set of neighboring computing
nodes 108 of the sender computing node. In some embodiments, the set of neighboring
computing nodes 108 may be determined from a plurality of target computing nodes 106,
each in network communication with the sender computing node 102.

[0047] In block 404, the sender computing node 102 determines a number of subsets
of the set of neighboring computing nodes. In some embodiments, in block 406, the sender
computing node 102 determines a number of subsets equal to at least one more subset than
the total number of the set of neighboring computing nodes 108 determined in block 402. In
block 408, the sender computing node 102 generates a message queue that includes a probe
message for each neighboring computing node of a next subset of neighboring computing
nodes. In block 410, the sender computing node 102 resets a counter (i.e., sets the counter to
zero) associated with the message queue generated in block 408. In block 412, the sender
computing node 102 starts a timer associated with the message queue.

[0048] In block 414, the sender computing node 102 transmits the first probe
message from the message queue to a corresponding neighboring computing node based on
the probe message. It should be appreciated that, in some embodiments, a timestamp may be
generated by a timing device (e.g., the clock 214) of the sender computing node 102 and
stored local to the sender computing node 102 (e.g., in the memory 206 or data storage
device 208) for future reference. In block 416, the sender computing node 102 determines
whether a message acknowledgment was received from the neighboring computing device to
which the probe message was transmitted in block 412. If not, the method 400 loops back to
block 416 to continue to determine whether the message acknowledgment was received.
Otherwise, if the message acknowledgment was received, the method 400 advances to block
418. In block 418, the sender computing node 102 increments a counter associated with the
message queue.

[0049] In block 420, the sender computing node 102 determines whether a value of

the counter is equal to a total amount of the subset of neighboring computing nodes. If not,
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the sender computing node 102 transmits the next probe message from the message queue to
another neighboring computing node defined by the next probe message before the method
returns to block 416 to determine whether a message acknowledgment was received in
response to the next probe message transmitted in block 422. Otherwise, if the sender
computing node 102 determines the value of the counter is equal to the total amount of the
subset of neighboring computing nodes (i.e., all the probe messages in the message queue
have been transmitted and response acknowledgment messages for each have been received),
the method advances to block 424.

[0050] In block 424, the sender computing node 102 stops the timer associated with
the message queue. It should be appreciated that, in some embodiments, another timestamp
may be generated by the timing device (e.g., the clock 214) of the sender computing node
102 and stored local to the sender computing node 102 (e.g., in the memory 206 or data
storage device 208) for comparison against the timestamp that may have been generated
when the timer was started in block 412. In block 426, the sender computing node 102
determines a round-trip time based on the value of the timer (e.g., a timestamp) in block 412
as compared to the value of the timer (e.g., another timestamp) in block 424. In block 428,
the sender computing node 102 stores the round-trip time determined in block 426.

[0051] In block 430, the sender computing node 102 determines whether another
subset of neighboring computing nodes is available. If another subset of neighboring
computing nodes is available, the method 400 returns to block 408, wherein the sender
computing node 102 generates another message queue for the next subset of neighboring
computing nodes that includes a probe message for each neighboring computing node of the
next subset of neighboring computing nodes. Otherwise, if another subset of neighboring
computing nodes is not available, the method 400 advances to block 432, wherein the sender
computing node 102 estimates a round-trip time for each of the set of neighboring computing
nodes based on the determined round-trip times for each subset of neighboring computing
nodes. In some embodiments, in block 434, the sender computing node 102 determines the
round-trip times by determining a solution to a set of linear equations corresponding to the
subsets of the neighboring computing nodes.

[0052] In block 436, the sender computing node 102 estimates a portion of the round-
trip time attributable to the software overhead. It should be appreciated that, in some
embodiments, the estimated round-trip times determined in block 432 and the estimated
software overhead determined in block 436 may be determined by the sender computing

node 102 at the same time (e.g., inputting the software overhead into the linear equations of
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the subsets of the neighboring computing nodes). In block 438, the sender computing node
102 determines whether any pending job tasks are to be scheduled by the sender computing
node 102. If job tasks are to be scheduled, the method advances to block 440, wherein the
sender computing node 102 schedules the jobs tasks determined to be scheduled in block 438
at least in part on the estimated round-trip times before the method 400 returns to block 404.
If there are not any job tasks to be scheduled, the method returns to block 404, wherein the
sender computing node 102 determines a number of subsets of the set of neighboring
computing nodes. It should be appreciated that on this and subsequent iterations, only one
different subset may be generated to further refine or otherwise update the estimated round-
trip times and software overhead.

[0053] It should be appreciated that, in some embodiments, the method 400 may be
embodied as various instructions stored on a computer-readable media, which may be
executed by the processor 202, the network interface controller 212, and/or other components
of the sender computing node 102 to cause the sender computing node 102 perform the
method 400. The computer-readable media may be embodied as any type of media capable
of being read by the sender computing node 102 including, but not limited to, the memory
206, the data storage 208, local memory of the network interface controller 212, other
memory or data storage devices of the sender computing node 102, portable media readable

by a peripheral device of the sender computing node 102, and/or other media.

EXAMPLES

[0054] Ilustrative examples of the technologies disclosed herein are provided below.
An embodiment of the technologies may include any one or more, and any combination of,
the examples described below.

[0055] Example 1 includes a sender computing node for determining a network
round-trip time, the sender computing device includes one or more processors and one or
more memory devices having stored therein a plurality of instructions that, when executed by
the one or more processors, cause the sender computing node to determine a set of
neighboring computing nodes; determine a plurality of subsets of neighboring computing
nodes based on the set of neighboring computing nodes, wherein each of the plurality of
subsets of neighboring computing nodes is linearly independent; generate a message queue
for each subset of neighboring computing nodes, wherein each message queue includes a
probe message for each neighboring computing node of the corresponding message queue;

transmit each probe message of each message queue to a neighboring computing node
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designated by the corresponding probe message; receive an acknowledgment in response to
each transmitted probe message; determine, in response to having received the
acknowledgment in response to each of the transmitted probe messages for each message
queue, a queue time for each message queue; and estimate a round-trip time for each
neighboring computing node of the set of neighboring computing nodes based on the queue
times of each message queue.

[0056] Example 2 includes the subject matter of Example 1, and wherein to
determine the queue time for each message queue comprises to (i) start a timer associated
with one of the message queues prior to transmitting a first probe message from the one of
the message queues, (ii) increment a counter in response to receiving the acknowledgment in
response to the first probe message, (iii) transmit, subsequent to incrementing the counter, a
next probe message in the one of the message queues in response to a determination that the
counter is not equal to a total number of messages in the message queue, (iv) increment the
counter in response to receiving the acknowledgment in response to the next probe message,
(v) determine whether the message queue includes another probe message, (vi) stop the timer
associated with the one of the message queues, and (vii) determine a round-trip time for the
one of the message queues based on a duration the timer ran between having started and
stopped the timer.

[0057] Example 3 includes the subject matter of Example 1 or 2, and wherein to start
and stop the timer comprises to start and stop the timer in software.

[0058] Example 4 includes the subject matter of any of Examples 1-3, and further
comprising a hardware-based counter, wherein to increment the counter comprises to
increment the hardware-based counter.

[0059] Example 5 includes the subject matter of any of Examples 1-4, and wherein to
determine the plurality of subsets of neighboring computing nodes comprises to determine a
number of subsets equal to one greater than a total number of the set of neighboring
computing nodes.

[0060] Example 6 includes the subject matter of any of Examples 1-5, and wherein to
estimate the round-trip time for each neighboring computing node of the set of neighboring
computing nodes further comprises estimating a software overhead.

[0061] Example 7 includes the subject matter of any of Examples 1-6, and wherein
the one or more memory devices, when executed by the one or more processors, causes the
sender computing node to schedule one or more job tasks as a function of the estimated

round-trip times.
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[0062] Example 8 includes the subject matter of any of Examples 1-7, and wherein to
determine the estimated round-trip time for each neighboring computing node comprises to
perform a standard least squares calculation to a linear system of determined queue times.
[0063] Example 9 includes a method for estimating a network round-trip time, the
method comprising determining, by a sender computing node, a set of neighboring
computing nodes; determining, by the sender computing node, a plurality of subsets of
neighboring computing nodes based on the set of neighboring computing nodes, wherein
each of the plurality of subsets of neighboring computing nodes is linearly independent;
generating, by the sender computing node, a message queue for each subset of neighboring
computing nodes, wherein each message queue includes a probe message for each
neighboring computing node of the corresponding message queue; transmitting, by the
sender computing node, each probe message of each message queue to a neighboring
computing node designated by the corresponding probe message; receiving, by the sender
computing node, an acknowledgment in response to each transmitted probe message;
determining, by the sender computing node and in response to having received the
acknowledgment in response to each of the transmitted probe messages for each message
queue, a queue time for each message queue; and estimating, by the sender computing node,
a round-trip time for each neighboring computing node of the set of neighboring computing
nodes based on the queue times of each message queue.

[0064] Example 10 includes the subject matter of Example 9, and wherein
determining the queue time for each message queue comprises (i) starting a timer associated
with one of the message queues prior to transmitting a first probe message from the one of
the message queues, (i1) incrementing a counter in response to receiving the acknowledgment
in response to the first probe message, (iii) transmitting, subsequent to incrementing the
counter, a next probe message in the one of the message queues in response to a
determination that the counter is not equal to a total number of messages in the message
queue, (iv) incrementing the counter in response to receiving the acknowledgment in
response to the next probe message, (v) determining whether the message queue includes
another probe message, (vi) stopping the timer associated with the one of the message
queues, and (vii) determining a round-trip time for the one of the message queues based on a
duration the timer ran between starting and stopping the timer.

[0065] Example 11 includes the subject matter of Example 9 or 10, and wherein

starting and stopping the timer comprises starting and stopping the timer in software.
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[0066] Example 12 includes the subject matter of any of Examples 9-11, and wherein
incrementing the counter comprises incrementing a hardware-based counter.

[0067] Example 13 includes the subject matter of any of Examples 9-12, and wherein
determining the plurality of subsets of neighboring computing nodes comprises determining
a number of subsets equal to one greater than a total number of the set of neighboring
computing nodes.

[0068] Example 14 includes the subject matter of any of Examples 9-13, and wherein
estimating the round-trip time for each neighboring computing node of the set of neighboring
computing nodes further comprises estimating a software overhead.

[0069] Example 15 includes the subject matter of any of Examples 9-14, and further
comprising scheduling, by the sender computing node, one or more job tasks as a function of
the estimated round-trip times.

[0070] Example 16 includes the subject matter of any of Examples 9-15, and wherein
determining the estimated round-trip time for each neighboring computing node comprises
performing a standard least squares calculation to a linear system of determined queue times.

[0071] Example 17 includes a sender computing node comprising a processor; and a
memory having stored therein a plurality of instructions that when executed by the processor
cause the sender computing node to perform the method of any of Examples 9-16.

[0072] Example 18 includes one or more machine readable storage media comprising
a plurality of instructions stored thereon that in response to being executed result in a sender
computing node performing the method of any of Examples 9-16.

[0073] Example 19 includes a sender computing node for determining a network
round-trip time, the sender computing device comprising neighboring node determination
circuitry to (i) determine a set of neighboring computing nodes and (ii) determine a plurality
of subsets of neighboring computing nodes based on the set of neighboring computing nodes,
wherein each of the plurality of subsets of neighboring computing nodes is linearly
independent; message queue management circuitry to (i) generate a message queue for each
subset of neighboring computing nodes, wherein each message queue includes a probe
message for each neighboring computing node of the corresponding message queue, (ii)
transmit each probe message of each message queue to a neighboring computing node
designated by the corresponding probe message, and (iii) receive an acknowledgment in
response to each transmitted probe message; round-trip time determination circuitry (i)
determine, in response to having received the acknowledgment in response to each of the

transmitted probe messages for each message queue, a queue time for each message queue
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and (ii) estimate a round-trip time for each neighboring computing node of the set of
neighboring computing nodes based on the queue times of each message queue.

[0074] Example 20 includes the subject matter of Example 19 and wherein to
determine the queue time for each message queue comprises to (i) start a timer associated
with one of the message queues prior to transmitting a first probe message from the one of
the message queues, (ii) increment a counter in response to receiving the acknowledgment in
response to the first probe message, (iii) transmit, subsequent to incrementing the counter, a
next probe message in the one of the message queues in response to a determination that the
counter is not equal to a total number of messages in the message queue, (iv) increment the
counter in response to receiving the acknowledgment in response to the next probe message,
(v) determine whether the message queue includes another probe message, (vi) stop the timer
associated with the one of the message queues, and (vii) determine a round-trip time for the
one of the message queues based on a duration the timer ran between having started and
stopped the timer.

[0075] Example 21 includes the subject matter of Examples 19 or 20, and wherein to
start and stop the timer comprises to start and stop the timer in software.

[0076] Example 22 includes the subject matter of any of Examples 19-21, and
wherein to increment the counter comprises to increment a hardware-based counter of the
sender computing device.

[0077] Example 23 includes the subject matter of any of Examples 19-22, and
wherein to determine the plurality of subsets of neighboring computing nodes comprises to
determine a number of subsets equal to one greater than a total number of the set of
neighboring computing nodes.

[0078] Example 24 includes the subject matter of any of Examples 19-23, and
wherein to estimate the round-trip time for each neighboring computing node of the set of
neighboring computing nodes further comprises estimating a software overhead.

[0079] Example 25 includes the subject matter of any of Examples 19-24, and
wherein the one or more memory devices, when executed by the one or more processors,
causes the sender computing node to schedule one or more job tasks as a function of the
estimated round-trip times.

[0080] Example 26 includes the subject matter of any of Examples 19-25, and
wherein to determine the estimated round-trip time for each neighboring computing node
comprises to perform a standard least squares calculation to a linear system of determined

queue times.
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[0081] Example 27 includes a sender computing node for estimating a network
round-trip time, the sender computing node comprising means for determining a set of
neighboring computing nodes; means for determining a plurality of subsets of neighboring
computing nodes based on the set of neighboring computing nodes, wherein each of the
plurality of subsets of neighboring computing nodes is linearly independent; means for
generating a message queue for each subset of neighboring computing nodes, wherein each
message queue includes a probe message for each neighboring computing node of the
corresponding message queue; means for transmitting each probe message of each message
queue to a neighboring computing node designated by the corresponding probe message;
means for receiving an acknowledgment in response to each transmitted probe message;
means for determining, in response to having received the acknowledgment in response to
each of the transmitted probe messages for each message queue, a queue time for each
message queue; and means for estimating a round-trip time for each neighboring computing
node of the set of neighboring computing nodes based on the queue times of each message
queue.

[0082] Example 28 includes the subject matter of Example 27, and wherein the
means for determining the queue time for each message queue comprises means for (i)
starting a timer associated with one of the message queues prior to transmitting a first probe
message from the one of the message queues, (ii) incrementing a counter in response to
receiving the acknowledgment in response to the first probe message, (ii1) transmitting,
subsequent to incrementing the counter, a next probe message in the one of the message
queues in response to a determination that the counter is not equal to a total number of
messages in the message queue, (iv) incrementing the counter in response to receiving the
acknowledgment in response to the next probe message, (v) determining whether the
message queue includes another probe message, (vi) stopping the timer associated with the
one of the message queues, and (vii) determining a round-trip time for the one of the message
queues based on a duration the timer ran between starting and stopping the timer.

[0083] Example 29 includes the subject matter of Example 28, and wherein the
means for starting and stopping the timer comprises means for starting and stopping the timer
in software.

[0084] Example 30 includes the subject matter of Example 28 or 29, and wherein the
means for incrementing the counter comprises means for incrementing a hardware-based

counter.
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[0085] Example 31 includes the subject matter of any of Examples 28-30, and
wherein the means for determining the plurality of subsets of neighboring computing nodes
comprises means for determining a number of subsets equal to one greater than a total
number of the set of neighboring computing nodes.

[0086] Example 32 includes the subject matter of any of Examples 28-31, and
wherein the means for estimating the round-trip time for each neighboring computing node

of the set of neighboring computing nodes further comprises means for estimating a software

overhead.
[0087] Example 33 includes the subject matter of any of Examples 28-32, and further
comprising means for scheduling one or more job tasks as a function of the estimated round-
trip times.
[0088] Example 34 includes the subject matter of any of Examples 28-33, and

wherein the means for determining the estimated round-trip time for each neighboring
computing node comprises means for performing a standard least squares calculation to a

linear system of determined queue times.
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WHAT IS CLAIMED IS:

1. A sender computing node for determining a network round-trip time, the

sender computing device comprising:

neighboring node determination circuitry to (i) determine a set of neighboring
computing nodes and (ii) determine a plurality of subsets of neighboring computing nodes
based on the set of neighboring computing nodes, wherein each of the plurality of subsets of
neighboring computing nodes is linearly independent;

message queue management circuitry to (i) generate a message queue for each
subset of neighboring computing nodes, wherein each message queue includes a probe
message for each neighboring computing node of the corresponding message queue, (ii)
transmit each probe message of each message queue to a neighboring computing node
designated by the corresponding probe message, and (iii) receive an acknowledgment in
response to each transmitted probe message;

round-trip time determination circuitry (i) determine, in response to having
received the acknowledgment in response to each of the transmitted probe messages for each
message queue, a queue time for each message queue and (i1) estimate a round-trip time for
each neighboring computing node of the set of neighboring computing nodes based on the

queue times of each message queue.

2. The sender computing node of claim 1, wherein to determine the queue time
for each message queue comprises to (i) start a timer associated with one of the message
queues prior to transmitting a first probe message from the one of the message queues, (ii)
increment a counter in response to receiving the acknowledgment in response to the first
probe message, (iii) transmit, subsequent to incrementing the counter, a next probe message
in the one of the message queues in response to a determination that the counter is not equal
to a total number of messages in the message queue, (iv) increment the counter in response to
receiving the acknowledgment in response to the next probe message, (v) determine whether
the message queue includes another probe message, (vi) stop the timer associated with the
one of the message queues, and (vii) determine a round-trip time for the one of the message

queues based on a duration the timer ran between having started and stopped the timer.

3. The sender computing node of claim 2, wherein to start and stop the timer

comprises to start and stop the timer in software.
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4. The sender computing node of claim 2, further comprising a hardware-based
counter, wherein to increment the counter comprises to increment the hardware-based

counter.

5. The sender computing node of claim 1, wherein to determine the plurality of
subsets of neighboring computing nodes comprises to determine a number of subsets equal to

one greater than a total number of the set of neighboring computing nodes.

6. The sender computing node of claim 1, wherein to estimate the round-trip
time for each neighboring computing node of the set of neighboring computing nodes further

comprises estimating a software overhead.

7. The sender computing node of claim 1, wherein the one or more memory
devices, when executed by the one or more processors, causes the sender computing node to

schedule one or more job tasks as a function of the estimated round-trip times.

8. The sender computing node of claim 1, wherein to determine the estimated
round-trip time for each neighboring computing node comprises to perform a standard least

squares calculation to a linear system of determined queue times.

9. A method for estimating a network round-trip time, the method comprising:

determining, by a sender computing node, a set of neighboring computing
nodes;

determining, by the sender computing node, a plurality of subsets of
neighboring computing nodes based on the set of neighboring computing nodes, wherein
each of the plurality of subsets of neighboring computing nodes is linearly independent;

generating, by the sender computing node, a message queue for each subset of
neighboring computing nodes, wherein each message queue includes a probe message for
each neighboring computing node of the corresponding message queue;

transmitting, by the sender computing node, each probe message of each
message queue to a neighboring computing node designated by the corresponding probe
message;

receiving, by the sender computing node, an acknowledgment in response to

each transmitted probe message;
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determining, by the sender computing node and in response to having received
the acknowledgment in response to each of the transmitted probe messages for each message
queue, a queue time for each message queue; and

estimating, by the sender computing node, a round-trip time for each
neighboring computing node of the set of neighboring computing nodes based on the queue

times of each message queue.

10. The method of claim 9, wherein determining the queue time for each message
queue comprises (1) starting a timer associated with one of the message queues prior to
transmitting a first probe message from the one of the message queues, (ii) incrementing a
counter in response to receiving the acknowledgment in response to the first probe message,
(ii1) transmitting, subsequent to incrementing the counter, a next probe message in the one of
the message queues in response to a determination that the counter is not equal to a total
number of messages in the message queue, (iv) incrementing the counter in response to
receiving the acknowledgment in response to the next probe message, (v) determining
whether the message queue includes another probe message, (vi) stopping the timer
associated with the one of the message queues, and (vii) determining a round-trip time for the
one of the message queues based on a duration the timer ran between starting and stopping

the timer.

11. The method of claim 10, wherein starting and stopping the timer comprises

starting and stopping the timer in software.

12. The method of claim 10, wherein incrementing the counter comprises

incrementing the a hardware-based counter of the sender computing device.

13. The method of claim 9, wherein determining the plurality of subsets of
neighboring computing nodes comprises determining a number of subsets equal to one

greater than a total number of the set of neighboring computing nodes.

14. The method of claim 9, wherein estimating the round-trip time for each
neighboring computing node of the set of neighboring computing nodes further comprises

estimating a software overhead.
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15. The method of claim 9, further comprising scheduling, by the sender

computing node, one or more job tasks as a function of the estimated round-trip times.

16. The method of claim 9, wherein determining the estimated round-trip time for
each neighboring computing node comprises performing a standard least squares calculation

to a linear system of determined queue times.

17. A sender computing node comprising:
a processor; and
a memory having stored therein a plurality of instructions that when executed

by the processor cause the sender computing node to perform the method of any of claims 9-

16.

18. One or more machine readable storage media comprising a plurality of
instructions stored thereon that in response to being executed result in a sender computing

node performing the method of any of claims 9-16.

19. A computing node comprising means for performing the method of any of

claims 9-16.
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